P ulmonary hypertension (PH) is characterized by an increase in pulmonary vascular resistance that impedes ejection of blood by the right ventricle and leads to right ventricular failure. Primary PH (PPH) is the clinical term used to describe a rare and fatal condition for which no underlying cause can be found. More commonly, PH occurs in association with various diseases, such as collagen vascular disease, portal hypertension, human immunodeficiency virus infection, respiratory disorders, or chronic thromboembolic lung disease. 1, 2 The hallmark pathological feature of both PPH and secondary PH (SPH) is vascular cell proliferation and obliteration of small pulmonary arteries. In some cases identified as pulmonary veno-occlusive disease (PVOD), pathological lesions predominate on the venous side of the pulmonary vessels. Whether common pathogenic mechanisms underlie pulmonary vascular remodeling in PPH, SPH, and PVOD remains unknown.
Recent studies have emphasized the major role of serotonin (5-hydroxytryptamine ) in the process of pulmonary vascular remodeling. An increased risk of PPH has been reported in patients who used appetite suppressants acting on the 5-HT transporter (5-HTT). [3] [4] [5] However, the mechanism by which 5-HT affects the pulmonary vasculature is still a matter of debate. Although we previously showed that 5-HTT overexpression was associated with pulmonary vascular smooth muscle hyperplasia in patients with PPH, 6 studies in relevant animal models provided evidence that not only the 5-HTT 7, 8 but also several 5-HT receptors, namely 5-HT 1B , 9 5-HT 2A , and 5-HT 2B , 10 may contribute to the pulmonary vascular remodeling process. However, the respective contributions of 5-HT receptors and the 5-HTT in human PH have not been specifically examined. Moreover, another key issue is whether alterations in the serotonin signaling pathway may be a common pathogenic mechanism in various forms of PH. Accordingly, we investigated the expression of the 5-HTT and the 5-HT 1B , 5-HT 2A , and 5-HT 2B receptors in lungs and isolated pulmonary artery smooth muscle cells (PA-SMCs) from patients with PH and controls. The respective roles of 5-HTT and 5-HT 1B , 5-HT 2A , and 5-HT 2B receptors on PA-SMC proliferation were assessed in cells from both patients with PH and controls using selective 5-HTT inhibitors and 5-HT receptor antagonists. We found that 5-HTT inhibitors, but not 5-HT receptor antagonists, influenced the PA-SMC growth response to 5-HT, and we consequently examined 5-HTT expression and its effects on PA-SMC growth in patients with various types of PH, namely, PPH, SPH, and PVOD. Because 5-HTT expression is genetically controlled, we characterized the genotype of cells from both patients and controls and investigated whether promoter sequence alterations or modifications in signaling pathways underlie 5-HTT overexpression in patients with PH.
Materials and Methods

Study Population
Studies were performed on lung specimens obtained during lung transplantation in 14 patients with sporadic PPH, 4 patients with PVOD, and 25 patients with SPH. In the SPH subgroup there were 11 cases of histiocytosis, 6 of scleroderma, 2 of sarcoidosis, 2 of Eisenmenger syndrome, and 1 each of sickle cell disease, bronchiectasis, cystic fibrosis, and emphysema; the female to male sex ratio was 9 to 16 and the age range was 13 to 55 years (meanϮSD, 41Ϯ4). The mean pulmonary artery pressure in this group was 54Ϯ19 mm Hg (range, 34 to 118 mm Hg). Lung specimens from 8 of these patients with SPH (3 histiocytosis, 1 sarcoidosis, 1 scleroderma, 1 sickle cell disease, 1 bronchiectasis, and 1 emphysema) were used for immunohistochemical analysis and isolation of PASMCs. Control lung specimens were obtained from 15 patients undergoing lobectomy or pneumonectomy for localized lung cancer. Twelve of these patients were selected as controls based on 5-HTT gene polymorphism distribution in a population of healthy subjects. 6 The clinical and genotype characteristics of the 26 patients and 12 controls used for immunohistochemical analysis and studies on PA-SMCs are listed in Table 1 . All patients satisfied functional class III-IV criteria. Patients with PPH (nϭ14) or PVOD (nϭ4) were receiving prostacyclin at the time of transplantation. Preoperative transthoracic echocardiography was performed in the controls to rule out PH.
Lung Immunohistochemical Analysis
Paraffin sections (5 m thick) of lung specimens were mounted on Superfrost Plus slides (Fisher Scientific) and incubated with the following antibodies: rabbit anti-human 5-HTT, rabbit anti-human 5-HT 1B (Cruz Biotechnology, Santa Cruz, Calif), mouse anti-human 5-HT 2A , or mouse anti-human 5-HT 2B (Pharmingen, San Diego, Calif), diluted 1:1000 in PBS containing 0.02% BSA. Sections were subsequently exposed for 1 hour to biotin-labeled anti-rabbit or anti-mouse secondary antibodies (Sigma) diluted 1:200 in the same buffer. The sections were then stained with H&E. To quantify distal pulmonary artery immunoreactivity for 5-HT 1B , 5-HT 2A , 5-HT 2B , and 5-HTT, images were acquired from 10 randomly selected fields from each lung section and stored as digital image files. Then images were imported into an image-analysis software package (Perfect Image; Clara Vision) for calculation of the pulmonary arterial area and for scoring intensity of immunostaining. The immunostaining index was expressed as the ratio between this count and the pulmonary arterial area.
Culture of Human PA-SMCs and Measurement of Cell Proliferation
PA-SMCs were cultured from explants of pulmonary arteries (1.5 to 10 mm in diameter), as previously described, 6 and used between passages 1 and 3. The cells were subjected to 48 hours of growth arrest in FCS-free medium and then incubated in DMEM with or without FCS (5%), platelet-derived growth factor (PDGF)-BB (10 ng/mL), or 5-HT (10 Ϫ6 mol/L). The effect of 5-HT was also examined in the presence of the 5-HTT inhibitor citalopram (Lundbeck) or fluoxetine (Eli Lilly) and of the specific antagonists of 5-HT 1B/1D 5-HT 2A , and 5-HT 2B receptors GR127935 (Glaxo Smith Kline), ketanserin (Janssen), and RS127445 (Roche), respectively, all at 10 Ϫ6 mol/L. 9, 11, 12 Each of these drugs was added 20 minutes before 5-HT. After incubation for 24 hours, the cells were washed twice with PBS, exposed to ice-cold 10% trichloroacetic acid, and dissolved in 0.1 N NaOH (0.5 mL/well). The incorporated radioactivity was counted. [ 3 H]thymidine incorporation into DNA is reported as counts per minute per well.
5-HTT and 5-HT Receptor mRNA Levels in PA-SMCs
Total RNA was extracted from PA-SMCs according to the method of Chomczynski and Sacchi. 13 Reverse transcriptase-polymerase chain reaction (RT-PCR) was performed on 100 ng of total RNA using the following primers: 5-HT 1B (5Ј-CCTGGAAAGTCTGCTGGT-3Ј and 5Ј-CGGTCTGTTGGGGTCTGT-3Ј), 5-HT 2A (5Ј-ACTCCAGA-ACTAAGGCATTT-3Ј and 5Ј-AGCTAAGGCCCGTGTGCC-3Ј), 5-HT 2B (5Ј-ACGTTCTCTTTTCAACCGCA-3Ј and 5Ј-CCGGTGA-CGAGCAAGTT-3Ј), 5-HTT (5Ј-TTACACAGCATTCATGCG-3Ј and 5Ј-GGATCCCTGCTCACACTG-3Ј), and ␤-actin (5Ј-ATGAAGTGTGACGTTGACATCCG-3Ј and 5Ј-GCTTGCTGA-TCCACATCTGCTG-3Ј). Each RNA sample was reverse transcribed (45 minutes at 48°C) and amplified using the access RT-PCR kit (Promega) with the primers in the presence of 2.5 mmol/L MgCl 2 . Cycle amplifications were performed at 94°C, 60°C, and 72°C (1 minute each, 28 cycles). PCR products were separated by agarose gel electrophoresis, and bands corresponding to the predicted sizes were revealed with ethidium bromide staining. For quantification of PCR products, images were captured, imported, and analyzed using SYNGENE (GeneGenius system). The optical densities of bands from each sample were normalized for the optical density of the corresponding ␤-actin PCR product.
Competitive RT-PCR Determination of 5-HTT mRNA 5 -HTT mRNA was quantitated by competitive RT-PCR, in which RNAs are reverse-transcribed and the synthesized cDNAs are amplified in the presence of an internal standard consisting of the same target mRNA, with a deletion of Ϸ100 bases. 6 5-HTT mRNA levels are expressed as attomole per microgram of total RNA. 
Measurement of [ 3 H]5-HT Uptake
Genotyping
Genomic DNA was extracted from human PA-SMCs using the Mini Genomic Kit (Eurobio). The 5-HTT gene promoter region was amplified by PCR using the oligonucleotide primers 5Ј-GGCGTTGCCGCTCTGAATGC-3Ј and 5Ј-GAGGGACTGAGCT-GGACAACCAC-3Ј, 14 with 50 ng of genomic DNA, as previously described. Amplification products were separated by electrophoresis in 2% agarose gel stained with ethidium bromide. The 484-and 528-bp fragments corresponded to the S and L allele variants, respectively.
5-HTT Promoter and Intron 2 Promoter Sequencing
To look for mutations in the 5-HTT promoter and intron 2, the entire promoter and intron 2 regions were amplified by PCR using genomic DNA samples from patients with PPH and from controls. PCR products were separated by electrophoresis in 1% agarose gel and purified using the QIAquick PCR purification kit (QIAGEN). PCR products were then sequenced using a dye-terminator cyclesequencing system (ABI PRISM 377, Perkin-Elmer Applied Biosystem).
Screening for Mutations in the Gene Encoding Bone Morphogenetic Protein Receptor 2 BMPR2
Mutations in the BMPR2 gene in PA-SMCs from patients with PPH or PVOD were screened as previously described. 15, 16 Briefly, sequences corresponding to exons 1 through 13 of the gene were amplified from genomic DNA samples by PCR with specific primers. PCR products were analyzed as described above.
Statistical Analyses
All data are reported as meanϮSEM. ANOVA was used for between-group comparisons. When ANOVA indicated significance, the groups were compared using a Mann-Whitney nonparametric test. PϽ0.05 was considered statistically significant. Genotype frequencies were compared using 2 tests, and the test for Hardy Weinberg equilibrium was performed in each group.
Results
Clinical and Genetic Characteristics of Patients With Pulmonary Hypertension and Controls
The characteristics of patients whose lung specimens were used for immunohistochemical analysis and studies on cultured PA-SMCs are shown in Table 1 . Patients with VOD and PPH did not differ with respect to age or hemodynamic data. Patients with SPH were slightly older than patients with PVOD and PPH and had less-severe PH, as shown by their lower mean pulmonary artery pressure and pulmonary vascular resistance and their higher cardiac index. The control subjects were older than the patients with PPH and PVOD but similar in age to the patients with SPH.
No BMPR2 mutations were identified in patients with PPH or PVOD. The distribution of 5-HTT genotypes in patient subgroups and controls is also shown in Table 1 . By selection, the 12 controls reflected the distribution of 5-HTT genotypes in a population of healthy subjects. 6 
Immunolocalization of 5-HTT and 5-HT Receptors in Lungs
In control lungs, 5-HTT, 5-HT 1B , and 5-HT 2A receptors were predominantly located in the media of pulmonary arteries. Weak staining was also observed in the endothelium. 5-HT 2B receptor immunostaining was observed in the endothelium and underlying smooth muscle cells. Compared with controls, 5-HTT-like immunoreactivity was much stronger in lung specimens from patients with SPH or PPH, being particularly marked in the areas with severe medial hypertrophy. In remodeled pulmonary arteries from patients with SPH or PPH, 5-HT 1B -, 5-HT 2A -, and 5-HT 2B -receptor-like immunoreactivity were all found mainly in the medial layer ( Figure  1A) . Comparison of the staining intensity of smooth muscle cells for 5-HTT in the medial layer of pulmonary arteries revealed an increased level of 5-HTT protein in PPH, PVOD, and SPH cases compared with controls and also a higher staining intensity in PPH than in SPH ( Figure 1B ). In contrast, the staining intensity for 5-HT receptors in pulmonary arteries did not differ between patients and controls.
5-HTT and 5-HT Receptor mRNA Levels in Cultured PA-SMCs From Patients and Controls
Cultured PA-SMCs from patients with PPH, PVOD, or SPH expressed similar levels of 5-HT 1B , 5-HT 2A , and 5-HT 2B receptor mRNA, as did PA-SMCs from controls ( Figure 2 ). In contrast, 5-HTT mRNA levels were higher in PA-SMCs from patients with PPH and PVOD than in those from controls. PA-SMCs from patients with PPH or PVOD had significantly higher 5-HTT mRNA levels than PA-SMCs from patients with SPH, who did not differ from controls ( Figure 2 ).
Hyperplasia of Cultured PA-SMCs From Patients With PPH, PVOD, or SPH
In cells cultured in serum-free medium, 5-HT produced an increase in [ 3 H]thymidine incorporation that was more marked in PA-SMCs from patients with PPH, PVOD, or SPH than in those from controls ( Table 2 ). The PA-SMC proliferation response to 5-HT was significantly stronger in patients with PPH or PVOD than in those with SPH. Pretreat- (Table 2) . We found that doses of citalopram as low as 10 Ϫ7 mol/L completely abolished the PA-SMC growth response to 5-HT, whereas doses of ketanserin, RS-127445, or GR127935 as high as 10 Ϫ6 mol/L failed to affect this response. The PA-SMC growth response to FCS (containing Ϸ350 nmol/L of 5-HT 7, 8 ) was also significantly stronger in cells from patients than in those from controls ( Figure 3B) , with a greater increase in DNA synthesis in the PPH and PVOD groups than in the SPH group. In the presence of citalopram (10 Ϫ6 mol/L), the growth response to FCS was reduced and the [ 3 H]thymidine incorporation differences among patient groups and between patients and controls were abolished ( Figure 3B ). As illustrated in Figure 3C , PDGF also markedly increased [
3 H]thymidine incorporation in PA-SMCs, but this effect did not differ between patients with PPH, PVOD, or SPH and controls. Furthermore, the stimulating effect of PDGF on 
DNA synthesis was not modified by citalopram (10
Ϫ6 mol/L) ( Figure 3C ). 
5-HTT Activity in
5-HTT Expression in Cultured PA-SMCs From Patients and Controls as a Function of 5-HTT Gene Polymorphism
The influence of 5-HTT gene polymorphism on 5-HTT expression and activity was evaluated in controls and patients with PPH. Twelve controls were selected in these studies according to their 5-HTT genotype; 3 were LL, 6 LS, and 3 SS. The 14 patients with PPH were classified according to their 5-HTT genotype (Table 1) . Because only one patient with PPH was homozygous for the S allele, data from this patient were not used for the statistical analysis but are shown in Figure 5 . In the controls, 5-HTT mRNA levels and [
3 H]5-HT uptake were found to be significantly greater in cells homozygous for the L variant than in cells having one or two copies of the S variant ( Figure 5 ). Similar differences were noted between genotypes in patients with PPH, but for each genotype, PA-SMCs from patients with PPH had markedly greater 5-HTT mRNA levels and [ 3 H]5-HT uptake activity than PA-SMCs from controls ( Figure 5 ).
5-HTT Promoter and Intron 2 Sequence in Patients With Primary Pulmonary Hypertension
Because 5-HTT overexpression in patients with PPH might be attributable to mutations in the regulatory regions of the 5-HTT gene, including the promoter region and intron 2, we sequenced these regions in both the patients and controls. Compared with the sequence obtained in controls, none of the patients had deletion, missense, or nonsense mutations in the 5-HTT promoter or intron 2 region (not shown).
Distribution of 5-HTT Genotypes in Patients With Secondary Pulmonary Hypertension and Controls
In the overall population of lung transplantation patients with SPH, the SS/LS/LL genotypes were distributed according to the Hardy-Weinberg equilibrium, 3/8/14, respectively. We used as controls a previously reported population of 84 healthy white subjects (mean age, 46Ϯ11 years) whose SS/LS/LL genotype distribution was found to be 16/45/23, respectively. 6 We found that the homozygous form of the long variant (LL) was higher in the group of lung transplantation patients with SPH (56%) than in controls (27%) (PϽ0.05).
Discussion
The main objective of this study was to examine the expression and functional roles of the 5-HTT and three 5-HT receptors in PA-SMCs from patients with PH and to test whether common patterns of alteration are present in different types of human PH.
In the first part of this study, we used immunochemistry to examine remodeled pulmonary arteries from patients with severe PH. We found that medial thickening of pulmonary arteries was associated with strong immunostaining of 5-HTT and of the 5-HT receptors 5-HT 1B , 5-HT 2A , and 5-HT 2B .
Comparison of the staining intensity index between patients and controls revealed that 5-HTT, but not receptor protein, was increased in pulmonary arteries from patients with PPH, PVOD, or SPH. Additional studies revealed a marked increase in 5-HTT expression in PA-SMCs cultured from the lungs of patients with PPH, PVOD, or SPH compared with those from controls. In contrast, the expressions of 5-HT 1B , 5-HT 2B , and 5-HT 2A receptors did not differ between PASMCs from patients with PH and controls. Functional studies showed that antagonists for the 5-HT 1B , 5-HT 2A , and 5-HT 2B receptors did not alter the mitogenic effect of 5-HT on PA-SMCs from either patients or controls, whereas 5-HTT inhibitors completely abolished this effect. This confirms our initial observation that 5-HT-induced proliferation of human PA-SMCs is mediated mainly through internalization of indoleamine via its transporter. 6 These results also suggest that 5-HT receptors previously shown to affect PH in experimental animals may exert their action through mechanisms distinct from putative direct effects on SMC hyperplasia. Indeed, 5-HT 1B receptors have been shown to mediate 5-HTinduced contraction of human pulmonary arteries, 19 and enhancement of 5-HT 1B -mediated and 5-HT 2A -mediated contraction has been found in pulmonary arteries from hypoxic rats. 20, 21 Therefore, the previous findings that rats treated with selective 5-HT 1D/1B or 5-HT 2A receptor antagonists and knockout mice for the 5-HT 1B receptor (5-HT 1B Ϫ/Ϫ ) 9 develop lesssevere PH and a milder degree of vascular remodeling than relevant paired controls probably reflect the loss of 5-HTmediated pulmonary vasoconstriction under such conditions. Mice with genetically or pharmacologically inactivated 5-HT 2B receptors have also been shown to be protected against hypoxia-induced PH. 10 However, 5-HT 2B receptors have been shown to not be involved in pulmonary vasoconstriction, 10 and the present results show that they do not mediate 5-HT-induced PA-SMC proliferation. It is therefore likely that these receptors act on the pulmonary vasculature through more complex and indirect mechanisms, potentially involving endothelial cells, fibroblasts, or extracellular matrix remodeling. The present observation that 5-HT 1B , 5-HT 2B , and 5-HT 2A receptors are not upregulated in remodeled pulmonary arteries and cultured PA-SMCs from patients with PH suggests that they play a minor role in the process of pulmonary vascular remodeling associated with PH. In contrast, the increased 5-HTT expression observed in SMCs of remodeled pulmonary arteries in lung sections (Figure 1 ) and cultures may be an early event responsible for PA-SMC hyperplasia and subsequent medial hypertrophy of pulmonary vessels.
An important finding from this study is that PA-SMCs isolated from patients with various patterns of PH grew faster than PA-SMCs from controls when stimulated by 5-HT or by serum but not by other growth factors such as PDGF. We examined cells obtained from 14 patients with PPH, 4 patients with PVOD, and 8 patients with SPH related to various diseases. To our knowledge, this is the first study that quantified the functional response of isolated PA-SMCs in such a large series of patients with PH. It is noteworthy that a large difference in the PA-SMC growth responses to serum and 5-HT was observed between patients and controls, with no overlap of values between the two groups. The explanation for the slightly lower levels of 5-HTT expression and 5-HTinduced PA-SMC proliferation in the patients with SPH than in those with PPH or PVOD is not clear. We cannot exclude the possibility that chronic exposure of PPH and PVOD patients to prostacyclin treatment before isolation of tissue could have altered the observed differences in their PA-SMC responses compared with SPH. It is also possible that plasma levels of 5-HT could directly interact with 5-HTT expression. Interestingly, the level of pulmonary artery pressure was also lower in the patients with SPH than in those with PPH or PVOD (Table 1) . However, no relationship was found between PH severity and 5-HT-related biological parameters measured in vitro.
The difference in 5-HT-induced PA-SMC proliferation between patients and controls was abolished by the 5-HTT inhibitors fluoxetine and citalopram, implying that it was related to 5-HTT overexpression. This finding supports the concept that increased 5-HTT expression contributes to the pathogenesis not only of PPH but also of other forms of severe PH. Until now, few common mechanisms shared by individuals with PH attributable to different causes had been identified. The present results suggest that a final common molecular pathway may involve increased 5-HT signaling through increased expression of its transporter.
Why cultured PA-SMCs from patients with PPH, PVOD, or SPH remain capable of overexpressing 5-HTT in the absence of additional stimuli remains incompletely understood. Compelling evidence has been obtained that 5-HTT expression is genetically controlled and that a polymorphism in the promoter region of the human 5-HTT gene affects transcriptional activity. 13, 14 The polymorphism consists of two common alleles with a 44-bp insertion or deletion, designated L and S, respectively. The L allele drives a 2-to 3-fold higher level of 5-HTT gene transcription than does the S allele. 14 In previous studies, we found that the LL genotype was significantly more frequent in patients with PPH than in a paired control population. 6 Moreover, we recently reported that the LL genotype determined the severity of PH in patients with chronic obstructive pulmonary disease. 22 In the present study, we found that the frequency of the LL genotype was significantly higher in lung transplantation patients with SPH than in a control study population. Taken together, these results indicate that the LL genotype confers genetic susceptibility to various forms of severe PH. This also provides strong argument to suggest that the high level of 5-HTT expression reported here in PA-SMCs from patients with SPH might be interpreted as a contributing factor to PH and not as a secondary process of pulmonary vascular remodeling.
In agreement with previous data, 6 we found that 5-HTT mRNA levels and activity in PA-SMCs from control subjects were higher in individuals with the LL genotype than in those with either the LS or the SS genotype. This difference between the LL and the LS or SS genotypes was also found among patients with PH. However, even when we compared cells from patients and controls having the same genotype, 5-HTT expression remained higher in the patients than in the controls. This indicates that differences in 5-HTT expression between patients and controls cannot be ascribed entirely to 5-HTT gene polymorphism. Additional studies revealed that the sequences of the main regulatory regions of the 5-HTT gene, including the promoter region and intron 2, were not altered in patients with PH compared with controls. Thus, 5-HTT gene overexpression in PA-SMCs from patients with PH may not result from alterations of the regulatory sequences of 5-HTT gene. It is likely that complex mechanisms are involved, such as alterations of related genes or of signaling pathways involved in the regulation of 5-HTT expression.
Mutations in the gene encoding bone morphogenetic protein receptor 2 (BMPR2) are now considered to be the genetic basis for familial PPH and Ϸ10% of cases of sporadic PPH. 15, 16, 23 The exact link between the BMPR2 mutant genotype and the pathogenesis of PH remains to be elucidated but probably involves altered BMPR2 function. Recent studies found markedly reduced BMPR2 immunostaining in patients with PPH even when no mutation was identified. 24 Interestingly, a smaller but significant reduction in BMPR2 immunostaining was also observed in patients with secondary PH. 24 Thus, BMPR2 and 5-HTT expression exhibit opposite changes in the lungs from patients with either primary or secondary PH. Whether these alterations are related remains unknown. An attractive hypothesis is that dysfunction of the BMPR2 protein may result in impaired control of gene transcription, leading in turn to increased 5-HTT expression. However, none of our patients had BMPR2 gene mutations, and it is not known whether BMPR2 protein expression or function are depressed in isolated cells from patients with PH. Another hypothesis is that PPH may result from several genetic predisposing factors and that altered genetic control of BMPR2 and 5-HTT may play independent roles in the pathogenesis of the vascular lesion characteristic of PPH. Additional studies will be necessary to investigate the potential link between expression and function of BMPR2 and 5-HTT.
An important finding from this study is that exposure of cells to the selective 5-HTT inhibitors fluoxetine and citalopram diminished PA-SMC proliferation and abolished the difference between patients and controls, whether the cells were stimulated by serotonin or by serum. These results are reminiscent of our previous findings that mice deficient in 5-HTT were protected against hypoxic PH or pulmonary vascular remodeling 8 and that selective 5-HTT inhibitors, but not 5-HT receptor antagonists, protect against development of hypoxic PH in mice. 25 Interestingly, 5-HTT-deficient mice and mice treated with 5-HTT inhibitors demonstrated enhanced hypoxic vasoconstriction. Because 5-HT uptake inhibitors are known to increase the plasma levels of 5-HT and because the vasoconstrictor action of 5-HT is mediated by 5-HT receptors, it may be questioned whether 5-HTT inhibitors may have deleterious or beneficial effects in patients with PH. Before these drugs may be used for clinical purpose in patients with PH, careful studies of risks and benefits will need to be performed.
